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(54) Clock recovery circuit 

(57) A clock recovery circuit is coupled to an elastic 
storage circuit such as a FIFO circuit. More specifically, 
a first input of the elastic storage circuit is electrically 
connected to an output of the clock recovery circuit. A 
second input for accepts a data signal representing an 
input data stream from a communications medium. A 
third input accepts a local clock signal. The resultant cir- 
cuit may be used in receiver's for communications sys- 
tems to help alleviate the problems of frequency mis- 
match and jitter. 
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Description 

Field Of The Invention 

The present invention relates to a circuit for recov- 
ering data from a communications channel. 

Background Of The Invention 

There are numerous manners in which to transfer 
data from a transmitter to a receiver The transmitter has 
clock circuitry which controls the speed at which data is 
transferred via a communications medium. The receiver 
also has clock circuitry which controls the speed at 
which the data that is received from the communications 
medium is processed. 

Ideally, the receiver's clock and the transmitter's 
clock will operate at exactly the same frequency and will 
be appropriately aligned in phase. However, the trans- 
mitter's clock and the receiver's clock are typically close 
but not identical in frequency, resulting in slight frequen- 
cy mismatch. Further, the communications medium typ- 
ically introduces "jitter" (i.e., time shifting of the signal 
relative to the rise and fall of the transmitter's clock sig- 
nal) into the data. 

Previously, receivers used over sampling, phase 
locked loops ("PLLs") or surface acoustic wave filters 
("SAW filters) to adds the problems of jitter and small 
differences in clock frequencies. However, for at least 
two different reasons, these techniques have proved in- 
adequate in certain applications. First in PLLs and SAW 
filters, if data is sent from a first transmitter, then 
stopped, and then sent from a second transmitter, the 
receiver may observe a significant phase change be- 
tween a first bit stream (from the first transmitter) and a 
second bit stream (from the second transmitter). The re- 
ceiver must be able to detect and adapt to this phase 
change as quickly as possible to avoid an effective re- 
duction in bandwidth of the communications medium 
due to time that must be allocated for ^synchronization. 
Second, over sampling techniques, wherein a clock op- 
erates at, e.g., eight times the data rate, require a sig- 
nificant amount of power to operate such a clock. 

More recently, new clock recovery circuits have 
been created that instantaneously or very quickly adjust 
to phase changes in data corning from the communica- 
tions medium. Unfortunately these instantaneous or 
very quickly adjusting clock recovery circuit pass on 
much, if not all, of the jitter in the data. 

Summary Of The Invention 

™ t 

We have discovered that the use of a clock recovery 
circuit coupled to an elastic storage circuit alleviates the 
above problems. More specifically, the elastic storage 
circuit uses three inputs and one output. A first input of 
the elastic storage circuit is electrically coupled to an 
output of the clock recovery circuit. A second input for 


accepts a data signal representing an input data stream 
from a communications medium. A third input accepts 
a local clock signal. 

Advantageously, the present invention alleviates 
the frequency mismatch problem, 

Also advantageously, the present invention allevi- 
ates the jitter problem. 

Brief Description Of The Figures 

Figure 1 is a communication system in which the 
present invention may be used; 
Figure 2 is a first embodiment of the receiver of Fig- 
ure 1 ; 

Figure 3 is a second embodiment of the receiver of 
Figure 1; 

Figure 4 is a first embodiment of what may be used 
as the elastic storage circuit of Figures 2 and/or 3; 
Figure 5 is a second embodiment of what may be 
used as the elastic storage circuit of Figures 2 
and/or 3; 

Figure 6 is a graph of signals used and produced 
by the elastic storage means of Figure 4; and 
Figure 7 is a schematic of the preprocessing circuit 
of Figures 2 or 3. 

Detailed Description 

For clarity of explanation, the illustrative embodi- 
ments of the present invention are presented as com- 
prising individual functional blocks. The functions these 
blocks represent may be provided through the use of 
either shared or dedicated hardware, including, but not 
limited to, hardware capable of executing software. Use 
of the term "processor" should not be construed to refer 
exclusively to hardware capable of executing software. 

Figure 1 is comprised of a transmitter 102, a com- 
munications medium 104, and a receiver 106, connect- 
ed as shown. Data 108 is output by the transmitter 102, 
carried by the communications medium 1 04, and arrives 
at the receiver 106 as an input data stream 107. The 
receiver 1 06 decodes the data signal to produce an out- 
put data stream 110. 

Figure 2 shows that the receiver 106 is comprised 
of preprocessing circuit 202. The preprocessor circuit 
202 processes the input data stream 107 to produce a 
data signal 204. The data signal 204 is input into a clock 
recovery circuit 206 which uses the data signal 204 to 
generate a clock signal 208 having a proper phase re- 
lationship to the data signal 204. An example of the clock 
recovery circuit 206 is described in U.S. Patent No. 
5,237,290 : entitled "Method And Apparatus For Clock 
Recovery" and assigned to the assignee of the present 
invention, which is hereby incorporated by reference as 
if set forth in its entirety. An elastic storage circuit 210 
has a first input 209 which receives the clock signal 208 
and has an output 211 which outputs the output data 
stream 110. 
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Again referring to Figure 2, the elastic storage cir- 
cuit 210 has a second input 212 and a third input 213. 
The second input 21 2 accepts the data signal 204 which 
represents the input data stream 107. In this embodi- 
ment, the data signal 204 is input directly into the second s 
input As will be apparent to those skilled in the art, flip- 
flops may be used to provide delay and/or synchroniza- 
tion such that the clock signal 208 and the data signal 
204 are in proper relationship. The third input 213 ac- 
cepts a local clock signal 21 4. 10 

Figure 3 is similar to Figure 2 and shows the elastic 
storage circuit 210 having a first input 302, a second 
input 304, a third input, 306, and an output 308. The first 
input 302 is electrically coupled to the clock recovery 
circuit 206 and receives the clock signal 208. The sec- is 
ond input 304 is also coupled the clock recovery circuit 
206 and receives the data signal 204 in delayed form. 
In other words, the second input 304 receives the same 
signal as the second input 212 of Figure 2 except that 
the datasignal 204 is already delayed by, e.g., a flip-flop 20 
in the clock recovery circuit 206, prior to reaching the 
second input 304. However, in Figure 2, the data signal 
204 is not delayed prior to reaching the second input 
212 (although there may be a delay element in the elas- 
tic storage circuit 210 which provides this delay). The 25 
third input 306 accepts the local clock signal 214. 

Those skilled in the art will realize that there may 
be any number of delay elements, or no delay elements, 
associated with the data signal in both Figures 2 and 3 
provided that the data signal 204 and the clock signal 30 
208 are in proper relationship. Thus, if one were to use 
the clock recovery circuit 206 as shown in U.S. Patent 
No. 5,237,290 (which does not show a storage ele- 
ment), one would implement Figure 2 (and place a stor- 
age element in the elastic storage circuit 210). 35 

Figure 4 shows a first embodiment of the elastic 
storage circuit 210. The circuit as shown could be used 
in conjunction with Figure 3. With Figure 2, however, de- 
lay elements may be interposed as appropriate between 
the data signal 204 (e.g., "RDATA") and inverter 402. 40 
The clock signal 208 (e.g, "RCLK") is input into inverter 
404 and NAND gates 406 and 408. Flip-flops 410 
through 438 (even numbers only), inverters 402, 404, 
and 440 through 462 (even numbers only), NAND gates 
406, 408, and 464 through 494 (even numbers only), 45 
NOR gate 496, and device 498, which is a transmission 
gate, are all connected as shown to operate as a first- 
in-first-out ("FIFO") logic circuit. FIFO circuits and their 
operation are well known. See Mead and Conway, In- 
troduction To VLSI Systems, Addison-Wesley, pages 50 
258 - 260 (1980). The first input 209/302 accepts the 
RCLK signal as its input. The second input 212/304 ac- 
cepts the RDATA signal as its input. The third input 
213/306 accepts the BCLK signal as its input. The out- 
put data stream 1 1 0 is represented by the BDATA signal. 55 
This elastic storage circuit 210 may be used with any 
clock recovery circuit 206, such as a narrowband PLL, 
but is most advantageous when used with instantane- 
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ous or very rapid clock recovery circuits 206 such as the 
clock recovery circuit described in U.S. Patent No. 
5,237,290. Narrowband PLLs and SAW filters take 
about 1000 incoming data transitions before assuring 
phase lock Broadband PLLs take 10 or more incoming 
data transitions before assuring phase lock However, a 
circuit made in accordance with U.S. Patent No. 
5,237,290 improves on this figure in that it takes two or 
less incoming data transitions before assuring phase 
lock. 

Figure 5 shows a second embodiment of the elastic 
storage circuit 210. The circuit as shown could be used 
in conjunction with Figure 3. With Figure 2, however, de- 
lay elements may be interposed as appropriate between 
the data signal 204 and a shift register 502. The clock 
signal 208 is also input into the shift register 502. The 
elastic storage circuit 210 is comprised of shift register 
502, registers 504, 506, and 508 and control cir- 
cuit/counter 51 0 connected as shown. Shift register 502 
and register 504 form a demultiplexer The first input 
209/302 accepts the "Recovered Clock" signal as its in- 
put. The second input 212/304 accepts the "Recovered 
Data" signal as its input. The third input 21 3/306 accepts 
the "Local Reference Signal" as its input. Generally, the 
data rate is equal to 2 N times the "Local Reference Sig- 
nal" where N is an integer. As shown in Figure 5, N is 
equal to three. The output data stream is represented 
by the "Data Out" signal. 

Having described two embodiments of the elastic 
storage circuit 210, some signals used and produced by 
the receiver 106 using the elastic storage circuit 210 
shown in Figure 4 will be described with reference to 
Figure 6. Waveform 602 shows the input data stream 
107 that is input into the preprocessor circuit 202. Wave- 
form 604 shows the RDATA signal (e.g., data signal 
204), chosen for experimental purposes to alternate be- 
tween HI and LO, that is input into the second input 
212/304. Waveform 606 shows the RCLK signal that is 
input into the first input 209/302. As is appreciated by 
those skilled in the art, waveforms 602, 604, and 606 
suffer from jitter introduced in the communications me- 
dium 1 04. However, typically, the jitter introduced by the 
communications medium 1 04 is random in nature as op- 
posed to the "controlled" jitter shown in Figure 6. How- 
ever, once the waveforms 604 and 606 are processed 
in the elastic storage circuit 210, the jitter is no longer 
as evidenced by waveforms 608 and 610 which repre- 
sent the output data stream 110 and local clock signal 
214 (if desired), respectively. 

Preprocessing circuit 202 is shown in detail in Fig- 
ure 7. The circuit functions to take signals having small 
voltage swings (10-20 millivolts) from, e.g., an optical 
fiber receiver, and convert the swings into larger voltage 
swings (e.g. , traditionally 0 - 5 volts) better suited for use 
by the clock recovery circuit 206. Essentially, the pre- 
processing circuit 202 is comprised of a first differential 
amplifier .702, shown between dashed lines 704 and 
706. The inputs to the differential amplifier 702 are "in" 
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and "inn", which are essentially the input data stream 
107 (which may be a differential inputs attached to "in" 
and "inn"). A bias means 708, shown as a current source 
appearing to the left of dashed line 704, is used to bias 
the differential amplifier 702. A second differential am- s 
plifier 710 is shown between dashed lines 706 and 712 
and functions to provide additional gain. Those skilled 
in the art will realize that additional forms of differential 
amplifiers may be used Gain circuitry 714, shown to the 
right of dashed line 71 2, creates additional gain for the 10 
data signal 204 which it eventually outputs. The data sig- 
nal 204 is input into the clock recovery circuit 206 and 
processed as described above. 

Those skilled in the art will realize that there are 
many modifications that one could make to the embod- is Claims 
iments described above. For example, the input of the 
elastic storage circuit 21 0 may be electrically coupled to 
the output of the clock recovery circuit 206 via, e.g., de- 
lay elements, quadrature demultiplexers, and other de- 
vices known to those skilled in the art. Also, the preproc- 20 
essing circuitry 202 may use a single differential ampli- 
fier or other appropriate circuit depending upon the nec- 
essary gain (as opposed to differential amplifier 702 and 
second differential amplifier 710). Further, a single end- 
ed input into the differential amplifier 702 can be 
achieved by biasing "inn" to an intermediate voltage of 
the signal "in." Finally, the first input 209 (302 of Fig. 3), 
the second input 212 (304 of Fig. 3), and the third input 
21 3 (306 of Fig. 3), although shown as separate physical 
inputs, may be implemented as "logical" inputs. In other 
words, the ability to receive separate signals could be 
achieved with, e.g., a single physical input that receives 
different signals sequentially that it buffers until the re- 
ceiver is readyto process all of the information. Although 
this may have certain disadvantages, this could be ac- 
complished with, e.g., a multiplexer and buffers. Thus, 
the modifications described above, in addition to other 
modifications, may be implemented without departing 4. 
from the scope of the claims. 

Additionally, those skilled in the art will realize that 
there are many environments in which the invention may 
be used. For example, assuming that the communica- 
tions medium 104 is a fiber optic cable, the preprocess- 
ing circuit 202 is comprised of an optical preamplifier. 
However, those skilled in the art will realize that the pre- 
processing circuit 202 may take on a variety of forms 
including but not limited to low noise amplifiers ("LN As"), 
mixers, demodulators, and/or equalizers, which are de- 
pendent upon the communications medium 104 which 
includes but is not limited to wireless (e.g., RF and in- 
frared) and electrical (e.g., coaxial cable, twisted pair) 
communications media Further, the output data stream 
110 may be at an intermediate location (i.e., not a final 
communications node such as a telephone, television, 
data processing unit, etc.). In this case, the output data ss 
stream 110 may be carried by an additional communi- 
cations medium including but not limited to electrical 
conductors such as coaxial cable, twisted pairs of wires, 


wireless communications media such as RF media, and 
additional fiber optic media In these cases, another re- 
ceiver that is similar, if not identical to the receivers de- 
scribed above, may be used in the final communications 
node. The communications nodes in which this another 
receiver may be used includes, but is not limited to, a 
telephone, a television, a set top box (typically used in 
conjunction with a television), and/or a data processing 
unit (e.g., a modem or other computer peripheral unit). 
Thus, the invention may be used in the environments 
described above without departing from the scope of the 
claims. 
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A circuit comprising: 

(a) a clock recovery circuit having an input and 
an output; 

(b) an elastic storage circuit having a first input, 
a second input, and a third input, and an output, 
the first input of the elastic storage circuit being 
electrically coupled to the output of the clock 
recovery circuit, the second input for accepting 
a data signal representing an input data stream, 
the third input for accepting a local clock signal. 

The circuit of claim 1 further comprising a preproc- 
essing circuit having an input and an output, the out- 
put of the preprocessing circuit being electrically 
coupled to the input of the clock recovery circuit. 

The circuit of claim 1 wherein the second input is 
electrically coupled either to a second output of the 
clock recovery circuit or to the input data stream. 

The circuit of claim 1 wherein the input data stream 
is a bit packet in asynchronous transfer mode for- 
mat. 

The circuit of claim 1 wherein the elastic storage cir- 
cuit is either a demultiplexer, or is comprised of a 
set of memory storage elements and a set of logic 
elements interconnected to operate as a first-in- 
first-out circuit. 

The circuit of claim 5 wherein the set of memory 
storage elements is a set of flip-flops. 


7. A communications link comprising: 

(a) a communications medium; and 

(b) a circuit for outputting an output data stream 
representative of an input data stream that is 
output from the communications medium, the 
circuit comprising: 
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(1 ) a clock recovery circuit having an input and 
an output; and 

(2) an elastic storage circuit having a first input, 
a second input, and athird inputs and an output, 
the first input being electrically coupled to the 
output of the clock recovery circuit, the second 
input for accepting a data signal representing 
the input data stream, the third input for accept- 
ing a local clock signal. 

8. The communications link of claim 7 wherein the 
communications medium is either a fiber optic 
medium, or a wireless medium, or an RF medium, 
or an infrared medium, or an electrical conductor. 

9. The communications link of claim 7 further compris- 
ing a second communications medium for receiving 
the output data stream and forming a second output 
data stream for use by a communications node. 

10. The circuit of claim 7 further comprising a preproc- 
essing circuit having an input and an output, the out- 
put of the preprocessing circuit being electrically 
coupled to the input of the clock recovery circuit. 
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11. A communications apparatus having a circuit for 
processing an output data stream, the output data 
stream being representative of an input data stream 
that is output from a communications medium, the 
circuit comprising: 30 

(a) a clock recovery circuit having an input and 
an output; and 

(b) an elastic storage circuit having a first input, 

a second input, and a third input, and an output, 35 
the first input being electrically coupled, to the 
output of the clock recovery circuit, the second 
input for accepting a data signal representing 
the input data stream, the third input for accept- 
ing a local clock signal. 40 

12. The communications apparatus of claim 11 wherein . 
the communications apparatus is either a tele- 
phone, or a television, or a data processing unit, or 

a set top box. 45 

13. The circuit of claim 11 further comprising a preproc- 
essing circuit having an input and an output, the out- 
put of the preprocessing circuit being electrically 
coupled to the input of the clock recovery circuit. so 
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